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HIGH-SPrnED TESTS OF A DUCT~D BODY WITH

VARIOUS AIR-OUTLET OPXH?NGS
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SUMMARY

Test of a duoted body with Internal flow were made
in the 8-foot high-speed wind tunnel for the purpose of
studying the effeots on external drag and an critical
epeed of the addition of efficient inLet a“nd outlet open-
ings to a basic etreamllne ehape. Drag tests of a 13.6-
Inch-diameter etreaallne body of fineness ratio 6.14 were
made at Mach numbers ranging from 0.20 to 0.76. The model
was centrally mounted on” a 9-percent-thick aSrfoil and wae
designed to have an efficient airfoil-bcidy #uncture”and a “
h~gh orltical speed. An air inlet at the nose and verious
outletm at the tall were added: drag and internal-flow
data were obtained over the given speed range.

The critical speed of the duct-cd bodlee was found to
be ae high as that of the streamline body. The external -
drag with air flow through the body did not exceed the drag
of the batalo streamline shape. No a.pprectable variation
in the efficiency of the diffuser section of the internal
duct oocurred throughout the Mach number range of the teats.

INTRODUCTION
..

The tewte of ducted bodies reported In reference 1
showed that the external drag of bodies with well-dealgne”d
alr Inlet and outlet apenings did net exceed the drag of .
the basic streamline body to which the openinge were added,
Prestaure-dlstributiaa and boundary-layer, data were pre~
8ented.that @atiufactorSly acoounted for the drag charac-
ter10tlc8. ~urther teats of a dueted fuselage (reference 2)
ySelded the same reeulte as the tests of reference 1.

9?he ducted bodies of the teats of refereacee ~ aqd
2 were eupported by 12~percent-thlak airfoils, end some
local separation of the flaw at the aS?fo31wbady Juncturee
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waa found to exist and wae reported. The “a~rfolle were
located near the center of each body, well out of the
measurable ,field of influence of the openings. Never-
theless, It has been euggested that the drag msasured
with internal air flow might have been affected by the
alleviation of the local eaparated condition at the
~unoture.

One purpose of the present tests wag to c~npare
the drag of a ducted b?d.y with the drag of a etrsamline
body under conditions that would be tree from any pGa-
slble interference effects at the airfoil-body Juncture.
The teats were planned to include several types of outlet
opening, to oover a wide range of internal mass-flow .:o-
efflclents, and to extend to Mach DU.pberEI of about 0.75. “
Pressures were measured at the outlet openings and behind
the diffuser taection of the duct througk.out the range of
test Mach numbers in order to determine the internal drag
and the diffuser efficiency.

r

The model employed in these tests has been used in “
a subsequent Inveetigatlon em210ying a Leated radiatGr.

. . SYMBOLS
.,

V. free-$tream velocity, feet per second

v local valocitp, feet per second .
. . .

P.” static pressure, pounds per square foot, absolute ““

P density, slugs per cubic fOot n .

q dynamic pressure, pounds per square foot (~ pVa)

Ah total-pressure loss, pounds per square foot

r maximum croae-eectional area of fuselage, 1.0S9
oquare feet

A are8, square feet

Q quantity of flow, cubio feet per second

PQ reams-flow coefficient
Po~vo .
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1 . a. “.

a “. velcait~ of mound, feet per oeoond. . . .
M “. lfaoh number [v/a) ‘ : ‘.’ “ . “ “ “.... . . . . .. . . . .

oDr external-drag. eaeffioiant . .

. .
. . . . . .. . . . .

(total dr”ag “
..“.. .

of combh&&)-’(&M” Df.Wh&@%V4 m.loulated from internal losses)
. . Q. . .. .

. . .. .
x dlstanae from leading edge of re”s.peat”3ve“seution8.

dnahee .. . . . ..‘
. . . . . .

.. ver$iuaa d~etaaoe~ lnahe.e “ ..7.-..
. .

. . . . . . .
R:. outside radiun. .Imohee. .. /..

.. . . . . .
.& . .Infiide Fadiw, Sn6hee-

.. .
.....

,
. . .. . ... “.,.

. Subworipto:.. .
. ..: ..

.,.... . :m

u. free-stream condition “ “ “ ..
.,.. -

1 oonditlon fi~’.hlet % . . ..#,, ..
.. .. .. .. .. .“

e ...oohdltion imrnedlatqly “.behind dWfuseS . “’.“
.. . . . ......, .. ., ..:.

+... .. oondiblon at “outlet”.- ,.. ,“.” ..%,..
1 : .. ... . ... ..“

,. ~. . . : -f . A2PA.RM.US-.AED .H.ETHODS! ““.“: ..:
. .. “:..- .. ..“. .“ . . ..

..-
.“
&& body;=: : “u ““ -Th~’ atkeam’1.ine body of.revbl~tlon

(fig.- 1, tabZe I). vii debiVad f’rom a modified version of.,, .,.
the EACA fus.e.l.ae form .131...

f i
g~e refesmnea.1.., . The nose

1seo~ion was des gned’wi.th a.f“,ne,nqsmratio of- 0@8 w$th
the maximum thigkne~a. at ths 24i5rlnoh b$ationi At t.h$s
point the nose eeotion- ~a$rati ’i.ntoa eyl$ndrlqal. penter
eeotion 12 inohes long, designed to ine58ave the” oritioal
speed of the w$ng~bod? ~uneture? .At the 36P5-inch ?tat$on
a tail aeetion of fl”neneaa” ~at~o “6Q05 faired. Into the Qenter

.’.. .
.. .. .... ,..... . % :
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aeetion. The flneneee ratio of the resultant body wa-
6o140 !Che sec!tionta dlmenslohed lb figure 1 represent
the parting linee of the nose and tall aeotionm &nd do
not neceaearily ooincide with the ,eectione umed in
deriving the model ordinatea.

Jw ted m del .- The n,oae-%nlet profile vaa derived
from nose B o; referenue 1 and wae designed to fair
into the etreamllne body. (See figs, 1 and 2 and table II,)
The oenter section wee the same .for all model modifications.

Tails A, B, and C were dorlved from the stroaml$ne
tail but were cusped at the outlet $n accordance with the
reeommendatlone of references 1 and.2, (See fige. 1 and 2

“ and table 1.) These outlets were dealgned for a mama-flow

eoeffioient PQ
m

of about O.O6, 0.0426, and 0.026 for

the tails..A,. B, and C, respeetlvely, The outlet areas are
Included In table 11. Tail D was formed by cutting off
the etreamllne tail tc the same length as the cusped tails -
A, B, and C. The resultant .mhape, uas a straight-walled out-
let of oonvergingneation with an outlet area of 0.0603
●quare foot. The partial-annular. outlet, tail E, (figs.
1 and 3(a)) was installed in the streamline tail at the
13,65-inch etatlon with the ordinates derived from the pro-
posed optimum @hape of reference 2. The outlet area was
0.0687 equare foot. The outlet areas of both tal.ls D and
E were approximately the same as the outlet area of tail B.

Int deelent _’T~~:dUc~ed body wae intende4
to aerveenot only in the test program reported herein but

rnal-duct

altao in an inveOti ation requiring the Installation of a
heated radiator. .?See reference. 3.) “The details of the
internal-duct deeign, therefore, were gartly governed by
the inetallatlon detaila of the radiator. .

The diffueer had an equivalent conlaal expanaion
angle of 8° back to the. 14.75-inoh station. At this po~nt
the duct expanded more rapidly until the constant-diameter

section of ll& Inches waa reached. (See fig. 1 and

“tabie ~1 for internal-duct ordinate.) ~ar one of the teata
“with tail B a simulated engine realatanae Of Ah/qo.= 0e27
for C = 0:0425 waa installed within the diffuser at the
21.50-inch dtiation.. .

alr~oll ..w~ th$n; relatively small airfoil
was used to .aupport the bodies In orde”r both to minimize the
interference effects of the ~uneture aqd to rdduce the tare

.
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.. dum strtps,~the model was’ aerodfi~mioaliy’smooth and %’atr.
.,. . . .

tirn~l ~fl:W6UU%=;8 fIu~Q=~.a~.~reti-:.. .:..
‘. mads~flowr rate,

The..internal-
the: total-pre~sure losn, and the sta$lo pree-

sura at.%he outletis were. ob.t+ln~d.by tieanu .of p’ 52-tube-rake
.mounted”.a.t:the tall outlet. T,he rake was 8upported .ajtthe,.,
.e“rido? k l~-~nch~dikrndter hollow tube that ezt’ended through

th~ cent,e.r:o’f the duct and oa?ri.ed the ~Tessure lehdn from
the rake to.,thewing duct. (Se_e flgsi 1 and ~(b)--) -.The
blactee of. the rake were removed durfng th,e foafoe.tee,te.

..

An 8-tube rake of 5 total-preOsurd .tubee and 3 dtatlc-
.,I preeeure tubes, located 1A inchee behind the diffuser, van
., uee.d to”f.urnieh..data on the lodeJ in the dlffueeP,

.-. ,. . . . . . ..
“,... .. :.1, ,. . . . . . i.. .

. . . . .. ’.:”fi, :. . ‘Tmsfls ““.: : .“ “’ -“:. ..’”, ..
. .

., ,.
. . . . . . . .. . . . .

. . ,...
.. . . J.... .,

~aoh.c.oafi.~ration was teeted throu+jti8T.M8~h izumber
ra~~e-qf 0,20.to 0.75 at QO angle .of 6ittliCltm Drag qnd
internal-flow data were obta~ned-sn e.’epaqata.rutis.b.qcauee
of the .neoeeeity of removing the ta~l-$akd bladoe. ‘during
“the gorqq t.oetg. The.internal flow with the paqtial-
annular outlet (tail 1) wam obtatned from rehdinge of
‘t~e.8-tu~ in~ermal.rake, which waa aal$br~ted aga~:qt
the ta~l rake. . .

1.. . . . ,. . .

,.

A.tnft ~u~voy.at.the airfoi&vhodyb.-JuriptUzq,.w@.; .rn~d9
through a.epeed range 0$ 90.to 260.mllee,per hour.<:. .

.. .. . . . . . . .. ..4 .. . . .. .:..” .

Rl#5UZiS AMD”DISCUSSIOM . . .

Pigure 4(a) ehowe the comparison of the exterxtal drag
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of th,educted..bodies with t.ailtaA, B, and C wl$h the
dr”ag of the. streamline. body through the range of test
M@oh.numbers~ Similar comparisons for t.ail.11and the
partial-annular outlet, tail 3, are shown in figure 4(b).
The external drag.wae obtained by deduati.n~ from the
total measured body drag the drag ealciulat~d from the -
measured” internal,momen.tum loaaee, A simple method of
computigg the Internal drag for low-tapeed teet c+onditlonm
is” given in referenoe.la In the pre~ent teetn, however,
it wae neoeieary to use the more Involved formula of
reference, 3 whioh is”applioable in the case of high-speed
aompretaeible flow. Owing to the fact that the internal
losses were very small, the internal drag was low (about
3 peraent.of the drag of the bod~ with tall B, for example).

It will be noted at orice (fig. 4) that the external
~rag of the ducted bodlee did not exaeed the drag of the
streamline body. The bail outlet8 te+ted appeared to have
only a slight advantage over the partial-annular outlet of
tail 3. Tail D, with the straight converging sides, had
about the same drag “as tail B, whioh was of corresponding
sise but of cusped contour. previous tests (references
1 and 2) had shown that, for converging outlets, the e~-
ternal flow was .coneiderab”ly decreased as compared with
that of the cusped tall. Tail D, however, did not con-
traat as abruptly as the tails of references 1 and 2
and thus the outlet oharaateriatics corresponded more
oloaely to the outlet characteristics of a tail with a
ausped contour.

The tuft survey of the flow In the wing-body Juncture
verified the expectation that unusually smooth flow con-
ditions existed. l’or speeds above 260 miles per hour
but below the crltiaal speed, no marked ahange in drag
ooefflalent wam found, Indioatlng that similar flow con-
ditlqqs prevailed throughout the subarltiaal speed range.
(See $’*g. 5.) The drag comparisons made in this paper
may, therefore, be oonsiderad free from interference
effeots due to unsatisfactory flow oondltione in the
wing-bed? Juncture.

Figure 6 shows that the Internal-mase-flow coeffi-

cient -@_ remained nearly constant with Inoreaslng
porvo

Maoh number; The the’ory of referenoe 3 indicates that
this ooefflcient will be constant provtded that, as in
the present ease, the Internal losses are small, The
very s’llght increase at the hlg~er speeds IS attributed
ta a reductioa of the small duct-friction losses due to
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the faworable scale effecit and to the favorable oompreeal-
billty .eff~o.t deme?ibed $n re$~xence ~“. . . .

The pressuro ooeffioientu at the cusped-tall outlet
are shown In figure 7. Little ohange oocurred with ln-
oreaeing Maoh number. . .

Pigure 8 shows the varlatlon of diffuser efftolenoy
with Maoh number Ho for “var~oue inlet-veloclt~ ratios,
!l?hedata show that the diffueer efflo~ent!g remains eeeen-
tiaf.ly oonetant throughout the test Mach number range.
The diffuser effiolenciy, however; inereaa,ee slightly with
a ~eoreaee in .inlet-velooity ratio. Thi8 effeet may be
aeeribed to the natural dlvergenoe” of the etreamline8
at the inlet opening: the greater divergence correspond-
ing to the lower inlet velocit~es results in Improved flow
in the diffuser. A mimilar result waa deecribed In refer-
ence 4.

The maximum value””of the inlet Mach namber MZ
attained In the present tests was 0.45, wbifib cam be deter-
mined from the tabulated valuee of inlet velocity ratio
v /v For inlet velocitleii of the ofder
o}t~e ~~e~~%ea~;nd (Ml= l), the value of the diffuser
efficiency w!ll dgcrease sharply because of the formation
of a tahock vfive within the entrance,

The diffuser efflolenoy for these teBte is defined
as . . .

Ahfid n 1 -—
qx - Qa . .

. .
This equation beaomes identtba~ with the more usual form

. .

If the flow is incomp~essible and the veloolty dlstrllm=
tion 30 uniform. For compreq.eible flow at high epeedsi
the $deaz mt%tlo-pre.es”ufe rise IEI mora,riapl& than the
oorrdeponding dynamic-p”ress-ure deorease.. .!lbsusual
deftnltlon of ad in terns of the etatio a~d dynam~o .

pressar%~ will, therefore, give uiesningleas rs~ults at
high SSGSJF’ (v%lues of q@l in some cesaft). It .i8
re”06mmeaded that the deflnlt$on In term8 of the total-

1

w.
,.

. .
... . . . . .

. ,.. . . - .
. . - .,. .
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pressure leas

he adopted, beciause this vaiue’ of ad does not change.
measurably- with Mo, .ae is ,shown. i~ figure 8.

. .,

‘CONCLUSIONS

For a model on which the w$ng-body interference
vae negllgtble, the extarnal drag of a ducted body with
air Inlet and outlet openings of BVitab19 shape did not
exceed the drag of the bas$o streamline body to wh~o?i the
openings were added, !Chis result corroborates the con-
clusions of references 1 and 20

# The erltlcal compreesib~lity speed”of the duoted
bodies was the same as that of the streamline body.

The diffuser efficiency did not vary appreciably
for the Mach number range of these tests.

..

Langley Memorial Aeronautical Laboratory
l!latlonal Advisory Conmlttee for Aeronautics,

Langley Field, Pa,

RE1l’EREliCI!lS

1.

2.

3.

4.

-.. -—.

Beoker, John V.: Wind-!l!unnel TeDts of Air Inlet and
Outlet Openings”on a Streamline Body. NACA AoC.R,,
BOY. 1940. “

Becker, John V. O and Baals, Zonald D. $ Wind-Tunnel
Teets of a Submerged-tinglne Fusela~e Design.
lUiCA AsC.R., Oct. 19400

Becker, J. V. , and Baals, D. D~: The Aerodynamic Effects
of Heat and Compressibility Sn the Internal Flow
Systeme of Aircraft. E~CA ACO,RO, Septa 3948,

Patterson, (3. Il.; Medern Diffuser DesSgn, The Eff!?ler!

---

Transf6rmatidn of KiDetlo Energy to–FreseurC, ;Lir-
oraft Engineering, vol. 10, no. 116, Sept. 1938,
pR, 267-2730

-—.-..— .1.- ----



N’ACA TABLE I Tables 1,2

STREAMLINE-BODY ORDINATES IN INCHES

Streamline tailStreaniLine nose Center section

I R x

o

i:?
lo. ~
1305
1 ●5

31 .fj
21.5
23.0

R

6. 8
6.~o
6.80
6.80
6.80
6.78
6.71

2 :2;

R

6.49
6.25
5.92
5:+g

z .52
3.94
3*35
;*T

i
1:53

lx
,.. X

o
1.29
1.95

2: Z’{
z ● 21

$

5.0
5.6
6.10
6.
6. P
6.7 3

10 0
3.0
6.0
9.0

12.0
1 ●o

31 .0
21.0
~.o
27.0
30.0
33.0
37*5

23.00

L
TABLE 11

DUCTE’D-BOT)Y ORDINATES IN INCHES

Tai 1

—

A cI lkcted-body Nose Inlet
nose ord!nates

B

l===R x
1

F? Rx R

6.49
6.2
5.8 i

2
: q~

3.96
y:

1: 8
1 ●4 x
1.36:

2.68

4.64

2.
d

o
2. .10

6.49
6.25
5: ;

iii ●

42
~:5;

i’
;:02

J1*9 5

3.92

11.07

6.49
6.25
5. 1

2’!:s
4.09
;:;;

2.17
1.82
1 ● 70:

3.36

7.~8

o
3.00
6.00
9.00

12*OO
1 .00

31 .00
21.oo
21+.00
2 .00

$2 .75

Outlet
ilameter

Outlet
area

2.21
2.21

Nose radius: 0.10

&L____L
,,,,

$Ii
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Figure 1.- Model details.
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Figure 2.- General view,
ducted body,

tail B.

Figure 5.- F1OW in wing_
nacelle

juncture. M, 0.30.
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(p) Partial annular outlet, tailE.
(b) TailB outlet with tail rake.

I

Figure 3.– Model outlet details.
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